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PURPOSE: To further expand the operating range of 
a DC brushless motor using a rotor provided with 
permanent magnets for field at a continuous rated 
current. 

CONSTITUTION: A DC brushless motor is 
constituted of an armature 31 and rotor 32. The rotor 
32 is provided with a rotor yoke having four main 
poles 321 on its outer periphery. In each main pole 
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that they can meet a relation, 0<Lm+Lg<2mm. 
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[oo9o] c<D#5yfrp>. «5©«^isjaBaj<oa® 

{BT3t*&C<fcte&l^ ^PCCffii 9 SfiS^ 40 

[0 0 9 1] #£691 1 Olft««7lcXlS53 2 3<Z>/« 
tt, lmnfC&9, B5#flETO^-5 7>7ii, 0. 0 
6 4#acc/J^3l^caS)»«{Ctt3 OkOetli^W 

0<Lm + Lgr£2xD/5 1 
0<Lm+Lgl 1. 3 x d/5 1 

Lm + Lg>2xD/51^^i, *«Iit#/h3 < . 

*-£<7>aKffiH##5l>. 50 



f^8- 3 3 1 8 2 3 

14 

* xM»SK»4>«d> or L £ 5 . 

[0 0 9 2] <£oT. ff«ffi7lc^«53 2 3 ^0^3 
-£<Z,£&H3 2 1 5ca«>^r«aislES^:«iaLfc« 

2 3 *±fi8S3 2 1 CC(f»jM,fctmc*^fT 5 C i 
CCJ:D. #fi6ffl7k^fitt53 2 3©#fiSB*©^-5r>^ 

£6tt v Mffl;^i53 2 3***SS©ttST 
£S3@3 2 1 tCffl^iiA-S^r. S^ift5l*©RW£a 

[0093] coii#, «x.« v m^z2<D9\m^m 

[0 0 9 4] l^«ffl7lcXSa53 2 3©»iKffl3-< 

^iuri^3 1 ©«si^*a*ttffi. *i, n 

»3 l$il3-i7(!:irH^©»Jlu 0 m 

^3 l^fia-^iir^^i. a-s7>^ij 

3. 4&KCCfc*a*. Wffl#»3-^*fflC^fciS^il5l 
A. 2 0 kOe©fitt»r»M3WpJj6t?*-5. 

[0 0 9 5] iC6r, DC^7i/U^-irfl5BM 
^3 2<D^y^fg D^t< (H2# 

(0 0 9 6] DC^7^UX*-£GDfcfJ;b£/h3 

tc> IHIkT-3 2cD^A54^D^/Jn3< . 5^S<7)il3^/jN 
3< f5. 

[0 0 9 7] CCD^^iC, @KT-3 2©SA^aD<fc. 
&;S©/I3 h 3 2 2<OSJ[fii11iLiD) +X7 

[0 0 9 8 ] J;oT, ^n 7 h 3 2 2©i*|Srt"aLm 
is x7+>77'ILgi l lelisT- 3 2 CD^^f ^ D <t 
<Dm% (Lm+Lgri, DiCD^^> #TIE ( 1 ) iC^r 

ws-r^j:^ tcwes^ ^^o<^, Tie^(2)^ 

[009 9] 

• ■ • ( 1) 

• • - (2) 

[0 100]&:fo\ Lm+LgOTilSflttt. M&LtcJ: 
^K:Ba±<0ffift^6 4 0. 3nn®a*J|ffiL/l> 8 *T 



C9) ^¥8- 3 3 1 8 2 3 

I 5 16 
ttt>*>. £<Oft£U<M, Lmi. Lffi. D<b<D|H]{& * U < tt. TIS^ ( 4 ) 3$*MST*J: SKKSSh*. 

* J TiB (3) ^*«s-rs<fc^{css^sn, £^c*fs* [oion 

0. 3 mm< Lm+Lg^2xD/5 1 - - . (3) 

0. 3 mm< Lm+Lg^ 1 . 3xD/5 I • - - (4) 



Tfr-f HteJt©feOCClE^3ti-J*. COffi. WitJi, 09tC 
tjtT «£5CC 4 £J&g 1 00 1 ofe^tcxn h QsWBjS 

sn, ^(oxu v v$&nwmfotKWE\ 1 

CO 10 2] CQ<fc5K:. 0©1 -3fc*CC|*« 

[0103] *^©WfflisSccoc»r»JHetcSi 

(0 1 0 4 ] [5j^C^T<£5tC. Wffl]«B<D-<>,rc-$r 
[0105] Ill^ffiltfcffl^a4tt. WiU* % a- 51 

[0106] s«js^ttffcsa$6 2«. ass^fflo)- 
« • (4ffl©»^ffl«:»m o . 3 1 Bsamsi&a i u\ i 
[0 107] sift$utai«6 3 3tBW»^t»tfg^« 

iu\ 1 v\ i w'jcator. S**tB^a5*»6<0«tti 

[0 108] c<om^. wmmuQ 3 m 1 nc 

[0109] mX-tt* 011*. Q>g«^ft«fiil I mr 

(d#myfe i d 0* I mr£ r fix.#t,i$EH) , (3) i,,,,,,, i 
ftT-Wfc^WBBiTS. ifrse i , « . « . i 
St* I mr<D2-4f£!igr£>£«. &4b\ fifEO)©®® £ 

[0 1 1 0 ] @ 1 1 *, &t£e&««ffi I mr<Dd«U q 



10 



20 



30 



40 



C/H5«i7K-r*-^tB*«Fttr« fc HI 1© i. r . i dr 
[OllHSfc, i....©R5tt£, i, r <DGij&-CK£ 

[0 112]£/c, i oolx , i < osx rffigft£R5I(DiG 

[0113] 436fe«rwiaiK : Haiai*Hi^a4 

[0114] (m&M2) Ml 2, Hi 3fe<i:e>'Hl 4 



[0115 ] jg 1 2CC^-Tct:^CC, CODC^7^l/X 
^-jKPiHfrHg, W(c2ol^J: (*ggtfcWrt3:4 

(0116 ] ms^g-^iP^fiagTcctt, 
. ^p?h7 l^Mgnti^,, fir. 



[0 11 7 ] B^g-»CPITO-r&^»ffi7«i:^« 
[0118] cn6MBjggg8tt, iBllte^a-jytPBg 

com 9] c<om^. mmmms<D#£&M± 



50 



CO 1 2 0 ] &«lftgSfi58tt. 



(10) 

17 

C0121] gfc. Hgf-g-^oigfewcpcti^ajtoft 

[0123] «Bft^«8tt. ^SMBCC 4^rr^-r^ 10 

fe, CO[gfs^£[gI|^B<bT&. 
[0124] a 1 46t^frrcfc5«:, C(DDC^7'>UX 

[oi25] i^8tt 5fca«cc, aaacasiPT'e 

C0 126]^«c. *SOfe«*3 6Ccl«HltcittwrS. 

<fc#T # & D C V U^^Er- ^CO^-T &0gB# h ^ ^ 

[0127] 
C»5] 

[0128] c ct\ «5©;&iHs& 1 3sw. ¥mm?*x 30 

Oh;l^ti, WIE2a»Dh^©^r*>-5. ft i 
[0129] 




40 



[0 1 3 0 ] SBOtftt. q«3^€>©«ftatift, I„ 

[0131 ] ^SSWrtt, fet±OiE0^Bgffl«:«flft 
%a8taft^^c ^«:J:n. «^s*-htr 

[0 1 3 2 ] a 1 5CC*5BS«(DDC^^UX*-ir 
(IHIKT-A, B, C) 0^£"TS hJU^<D^*&ffli. S£ 50 



#H¥8 - 3 3 1 8 2 3 
18 

ft, 8A«o?iaT-miS"c<Da^:h;w^^aLri^. 
[0 1 3 3 ] Rn«c^-r«fc^cc. «i8^i)C 

a, W*tf. 3 5 0 0 r pmriJ, *-$$hm&l%m 
£±ML* lOOOrpmrtJ, Z$hm&2%M& 

[0 1 3 4 ] 13 1 SV&bfrZW&m&TjkUtcifi. ^ 
ai BCC, HI12^S1 4CC7K-r@iK J f-A^C^ 

[0135 I BlBti, 1^T9 0m (»«flT4 5 
tt) glBg>W^hJU^fe««rtcJ:n5ft^ 

[0136] fHl^C^-Tcfc^C, IbIIK^ACO hJl/ £OM 
[0137];^ ISlK^A~CKfcW5£l»tt7<fc*iB 

sa^&s to&mmifc&mm-rz. a 1 7 ^mm 

7, TO^i 8 J; t>* C h 6 Ojfi^^ W r * 

[o i 3 s ] mmicmfj:*)^. wm+a-zcD&m^ 

*p6tttt^«8©E*ifijiiSgB (fttHg£«ffiSS) sroft 
Rtft^rt-rii*. ©K^A-Ctt. t = 0, + 0, 
(DMmc&t). mfa+BVte. t = 0» + (3/2) x 

[0139] »«Fh;i/^<oflcAcfflift/J\tti<oa% h;u 
^MitrtO/ci#. hJ^liiri«Mil 8 «: 

[0140] leJUCC^-f Jc^C, t = 0 t +0, <Di 
6CCr€:^;#< or. r = 6 l + 29 l <Dffig&C$>Z>® 

[0141] cfcor. *tt5sa8%SftWSCiCcj:0, 

(3/2) xe, <OHff€:MJ£-r^J:^s93E$4ir^-5 



(n) 



19 



£9 (rtfie* +26, tf)&.<Dmct£h£>>) &M2ti 

rc>*©jW*K:*?soi>. 

ffc^F 3 - 2 OfsieHO 6 £fig& 7 <D5fc$55§i5£ r 

[0143] HfrgBM«J^S80*SaB|5Sr©SS6i % 11 

3 - # ©@K«<E>**i>sa» £»s 7 <D5fe^ap^ r 

[0144] fcfc. ^MWJ-Ctt. iiuffiM«l3M8<D5te 
7 <D5fc^Si52 r OS 3 i *i«l3!EI— W£ £ ft r 

gross cfcO£I< Sftstirnrfc J:t,>. 20 
[0145] OTBlifflj^8©5feaSB3sr©fi3*lpIK 

^ 3 - ^ ©mig»©*^siJ^ 6 7 o5fe4» $ r cd 

S3<fc9J£<ffc5£TSCirMtt2W8GCJ:* 
[0146] &fc, *|%^rtt. C<OH»W2©flteR 

[0 147] (»SW3)H19tJ. ^ODC^7 
[0 1 4 8 ] fSJ^C^TJc^C. CODC^vUX^ 

o) o^&ai 2*wrsiaiK : ?=-3-^€:«^rc»s. 
«) cc<fco«ss$nr^s. 

[0 1 49] @RiP 3 l 2 6Ctt 1 ^-n^ 

*v &#ifint?£#Lm©;*ci f 1 2 i*s»jsss*irci 
£ a ^t>r, v h 1 2 Hi. **ve*i. 40 

63fLm F 1 2 lOiSlfiltSLmilitffl-) 

©IMEfii/W^fifcE 1 2 2#Htf>j£*ttr.C»£. 
[0150] C©*&^ XD^hl2 lOSSlfirtttL 

^o/c^sfe^i -tisiaccsajESftn**. 

[0151] lIK^S-^OBS-rsSHfil 2ii« 

ai2<t©ratcw. ihh&t-s-^o— as^us-^fci* 



^P8¥ 8 - 3 3 1 8 2 3 
20 

[0152] cni=,»^ll 3tt. §1^3-^0151 

cota^ a«?^si 3©5ta«i. i»si2©5feas 

3<D*S3Wi. iiii 2^65>§s- JfciirM^n 
rc^ 0 

[0153] corns. 3 f 

£BB@l 2<z>Ji#fiii8S d^M^il 

3oro^ (ffiKgeawas) iTOfts^tar, © 

fc^M^!2 ipia«CS5c3hri^. 
[0 1 54] CcDcfc^CC. sfr^WODC^S'OX* 

1 4{Cm^||ft«2tC*JW-5|5IK^(3r)«fiR < !:^ 

ffl^toi*fcfe©r , *-5. 

[0155] j^ot, *HJfi^l©DC^i/U^-t-5r 
fc£. *tt«l*Jcfc0 I llttW2ODC^^^U^^:-^^ 

or i> 3. 

[0156] Tftfoo* ^»DC^7^U^^- 

*r«, was*. a**ffitt«atr ©*Bsnga«sffl* 2 

f&£*±, »tc4fSW±6cffi;^-rsciAsr#-5. o*» 
[0157] 151— ©|^»ffl 7 WMK5©/l$*aK 

ort»<i, wa*i8a«tt!)g5d>ori*<. m 

m^Oi^ t > TkXfiSS * ttffl 0 ft titi 6 ft 1, »w . *H 
ISfl^irtt. h JUi7$:ii^rt t CtatcJ:0 

bfo9&&&C i*sr#-5 tl^fiJjfe^Wr 
[0158 ] D C^7->U^^&- (Dffl^t^ 

c^WJiBSSia*. H^o«j36«cc»-?c»rsi^ofc*s, * 

[016O] W;i«. «rgas*i6«r«, s^iA^enB 
sope^wrsDc^^vox^r-irratt^o/c 

*^rtt. it®&:SM<D0fi^£WT£DC^7 
[0161 ] ^fc, HiigBg-SBSWra. ^^Tk^X^ 



(12) 

21 

[0162] 

[0 1 6 3 ] «>U*. xr^t-^fiLg!&/M<O l 

^aasttoffisrtr. aKRH*2flSfja±. ^fc4fg io 

[0 16 4]^&c, ir^tf^SLgi, *n-,h© 
H^ffinfttLmt. IsHk-?-©«AWSD<!:©1HH^*J % 0 
<Lm+Lg^2D/5 1 *MST-5J: ^SffiStiSi© 

[ 0 1 6 6 ] fsfc. fffiflffi7lc^flBl5A^fi8fiK:» ASti 20 
[0167] »^7lc^lB5©»Bgffl 

[0168] @R^3-^©BST-S^iSa<i:ifia®i 

* h^£#*3#SC±3&ir£5. 151— F-jU* 

[0169] - £©«8fflX D v h WftttTf ft 

[0l70]*fc, *^©S(l©iSiaw:j:ntf. ^fi&ffl 
[01 ] ^^ODCy^^U^^-^^ct^W^ 50 
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[03] DC^7i/UX*-^©BBS{b0fciB«lElB« 
ffi*/n-riElBig-c*-&. 

[04] *^lODC^5*>UX*-4rC0U*^^ 
[05] *»l32©DC^7^U^*-5f©U^^$tt§ 
[0 6 ] i^ODC^i/b^t-drOLm+Lg 

[09] *i%wecfc^si5i(£^oft©fltes«^7nr¥® 
[0io] *mi<Dm&mw&mmt*:7ik?7v ? ^0 
[0ii] *^«ctew^«isa^^ b^tm^Trir^^ 

[012] *^W«C4aWSIie^©ffb<ol»R3ft«^7Kr¥ 

[013] *^6cfcwsiaR^^©*^CT*7K-r5|i 

®0T?$>^ O 

[0i4] *^tcfcwsiai£^(Dffi©fltfiS«*m-r^ 
®0r&£ o 

[015 3 01 2-0 1 4tC7nTDC^-7^UX^-^ 
[0 1 6 ] 0 1 2-0 1 4^tDC7'7'>l/X^-^ 

#&£-r & 9 0 ftizimoigiB? b )v 2 & frk? $ v -7 

[017] iWSWcteW^IK®. iim^^'cti 

[018] *^{C*it-t-5 V}\sZWMiky homWkTfr 

[019] *^CcfeW5|5ilK^offi©1fj««*7n-r^ 

[02 0 ] S£3RODC^-7SxU^-t-dr©a«6ii*SI5| 
ft^ *?n-r ¥® 0~C & 5 . 

[02 1 ] ^©DC^VUX*-d^aj*«tt£7j* 

T^77%§ 0 



2 3tBPWfcW>;*-* 

3 DC7 , 7 yU7,t-^ 
3 1 ttfrF 

3 2 



3 2 1 
3 2 2 
3 2 3 
4 
5 
6 

6 1 
6 2 
6 3 
7 



23 

XD v h 



[mi ] 



(13) 

* 7 1 
7 2 
8 
9 

1 0 
1 1 
1 2 
1 2 1 
1 2 2 
*10 1 3 

[0 2] 



8-331823 
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XUy V 



[@9] 




Id = GSU3I 



[®2 0 ] 




iqr iqtnax lq 



^m^-S - 3 3 1 8 2 3 



[0 5 ] 



[0 6 ] 




id = osia BeB tr/a1 "' mnmm 




mi] 




12Q00 

10000 8000 

„ 70O0 
O 

3000 ~ 6000 

_ Si 5000 

60ao 1 | <000 

UK 300Q 
+000 w 

S 2000 



[08] 



2000 
0 



1 000 
0 



-0.OIS -0. 01 -a 005 0 0. 005 0.01 0.815 

585G2H (m) 



im i o ] 



iu m ,iv*.iw* 




5 



mm™ f- s, ~l 



62- 



L 



a 



[019] 



[013] 
7 




(15) 



#BSW 8 - 3 3 1 8 2 3 




[mis] 



2.5 
2 

1.5 
1 

0.5 
0 



Si+flt (i + rj, di+29i 



CH2 1 ] 




SOOO 6000 



(51) Int. CI. 6 MU0e# /rrtfiE«* FI &Hr«7iWfF?? 

HO 2 K 1/27 5 0 1 HO 2 K 1/27 5 0 IE 

5 0 1 H 

21 / 16 21/16 M 

H 0 2 P 6/06 H 0 2 P 6/02 3 2 1 A 



